Key Points for Decision Makers {#FPar1}
==============================

An analysis of patients receiving disease-modifying therapies (DMTs) in routine clinical practice from US claims data indicate that DMTs provide reductions in healthcare resource utilization and medical costs that have the potential to partially offset DMT costs.Non-prescription medical costs decreased after DMT initiation, with the largest decrease observed in the dimethyl fumarate cohort (US\$5761 reduction, *p* \< 0.0001). Non-prescription medical cost reductions were predominantly driven by decreased use of outpatient services and by a reduction in inpatient hospital stays.Further research is required to determine the long-term impact of DMT initiation on resource utilization and costs in routine clinical practice.

Introduction {#Sec1}
============

Multiple sclerosis (MS) is an incurable, chronic autoimmune disease of the central nervous system, characterized by inflammation, demyelination, and axonal degeneration, and the resultant loss of neurological function \[[@CR1]--[@CR3]\]. MS is a leading cause of non-traumatic neurological disability in young adults, affecting approximately 2.3 million individuals worldwide and more than 400,000 individuals in the US \[[@CR4], [@CR5]\]. Approximately 85% of people with MS have relapse-remitting MS (RRMS), characterized by neurological relapses interspersed with periods of clinical remission; however, silent damage continues to occur and is often detected on neuroimaging \[[@CR6]\].

The socioeconomic burden of MS is significant, with recent records estimating MS to be the second most expensive chronic healthcare condition to manage after congestive heart failure \[[@CR7]\]. In a review of mean annual costs associated with MS in the US, total indirect and direct healthcare costs ranged from US\$8528 to US\$54,244 per patient per year \[[@CR7]\]. Indirect costs associated with MS are also significant; approximately 56--58% of individuals with MS are unemployed \[[@CR8]\], and the average total annual indirect costs for employees with MS are US\$4352 higher than in the general working population \[[@CR9]\].

Disease-modifying therapies (DMTs) are a key component of managing patients with MS, providing reductions in relapse rates and magnetic resonance imaging lesion accumulation, and having a demonstrated association with improvements in clinical and quality-of-life outcomes \[[@CR10], [@CR11]\]. Recent availability of oral DMTs (dimethyl fumarate \[DMF\], teriflunomide, and fingolimod) has provided healthcare professionals and patients with alternative treatment options to the injectable DMTs (interferon \[IFN\]-β and glatiramer acetate \[GA\]) for the management of MS. Evidence derived from clinical trials, meta-analyses, and indirect comparisons suggests that the oral therapies provide at least similar efficacy to IFNβ and GA, and that DMF and fingolimod may provide superior efficacy compared with teriflunomide \[[@CR12], [@CR13]\].

However, therapeutic outcomes in routine clinical practice may potentially be influenced by factors that are controlled for during clinical trials, such as prior disease history, treatment history, disease duration, and disease severity \[[@CR14], [@CR15]\]. The evaluation of medical reimbursement claims data is therefore critical for assessing therapeutic effectiveness, resource utilization, and associated healthcare costs for available DMTs in the real world. Studies of real-world effectiveness for available DMTs in routine clinical practice suggest that fingolimod and DMF have similar effectiveness in reducing relapse rates, and greater effectiveness than IFNβ, GA, and teriflunomide \[[@CR16], [@CR17]\]. Moreover, increased healthcare costs associated with DMT initiation may be partially offset by a reduction in non-prescription medical costs and healthcare resource utilization in individuals with MS \[[@CR18], [@CR19]\]. For example, a retrospective administration claims analysis demonstrated that natalizumab therapy in patients who were DMT-naive compared with those who had previously received DMT treatment led to a significant reduction in the number of inpatient stays (7.6 vs. 2.4%, respectively, *p* \< 0.001) and associated costs (median US\$12,078 vs. US\$9784, *p* \< 0.001) \[[@CR18]\]. Similarly, a budget impact analysis for DMF from a Canadian health system perspective demonstrated a partial offsetting of increased total healthcare costs on DMT initiation due to a reduction in costs associated with disease relapse \[[@CR19]\]. However, data comparing healthcare resource utilization, costs, and patient outcomes for the newer oral DMTs in routine clinical practice are currently limited.

The objectives of this study were to estimate healthcare resource utilization and costs, and assess annualized relapse rates (ARRs), for patients with MS who did not receive a DMT in the previous year and who initiated DMF, IFNβ, GA, teriflunomide, or fingolimod in routine clinical practice.

Methods {#Sec2}
=======

Data Source {#Sec3}
-----------

This retrospective claims analysis was based on data from the Truven MarketScan Commercial Claims Databases from January 2012 to June 2015, inclusive. These databases contain the de-identified administrative claims and eligibility records of over 120 million commercially insured individuals from all US regions, and include three main components: (1) claims for medical services provided in both inpatient and outpatient settings with the associated diagnosis, service dates, place of service, procedures performed, and patient- and plan-paid amounts; (2) pharmacy claims with associated dispensed date, National Drug Code, dose, days of supply, and patient- and plan-paid amounts; and (3) patient demographic information, including year of birth, sex, health plan type, and region of residence. Data on MS diagnosis criteria, disease severity and duration, disease progression, laboratory or imaging test results, or measurements of neurologic or MS-related disability, such as the Expanded Disability Status Scale (EDSS), are not routinely captured in claims data and were therefore not available for inclusion in the present analysis.

All patient information was anonymized, and patient confidentiality was maintained through compliance with Health Insurance Portability and Accountability Act regulations. The analysis presented is based on previously collected data and does not involve any new studies of human or animal subjects performed by any of the authors.

Patient Identification {#Sec4}
----------------------

Adult patients with MS were identified if they had at least one hospitalization with an associated diagnosis suggesting MS (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] 340) or two outpatient visits with ICD-9-CM 340 and dated at least 30 days apart. Included patients may have had any MS subtype and did not necessarily have relapsing-remitting disease. Included patients had initiated treatment with DMF, IFNβ, GA, teriflunomide, or fingolimod during the period January 2013 to June 2014, inclusive. Initiation was defined as having no claims for the same DMT during the previous year. Patients with claims for any DMT during the year prior to initiation were not included in the analysis; data were not available to confirm whether patients had received a DMT prior to the 1-year pre-index period, or whether treatment was given as first, second, or subsequent line of therapy. DMTs were initiated according to the treating physician's guidance and commercial insurance plan restrictions, as per routine clinical practice.

Eligible DMT initiators were assigned to corresponding DMT cohorts according to the DMT initiated, and the date of DMT initiation was set as the index date. Patients aged between 18 and 64 years at the index date were included in the analysis. To ensure complete data for the assessment of baseline characteristics and study outcomes, included patients were required to have at least 1 year of continuous enrollment before and 1 year after the index date in a participating commercial insurance plan (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Patient selection process. *DMT* disease-modifying therapy, *ICD*-*9*-*CM* International Classification of Diseases, Ninth Revision, Clinical Modification, *MS* multiple sclerosis

Study Measures {#Sec5}
--------------

Patient demographics included age at index date, sex, type of health plan enrolled, and region of residence. Baseline clinical characteristics were assessed based on medical and pharmacy claims dated within 1 year prior to the index date. Chronic comorbidities were measured using the Charlson Comorbidity Index (CCI) \[[@CR20]\], a composite score calculated based on the presence of 22 chronic conditions (e.g. diabetes, peptic ulcer, liver disease, cancer) and widely used to assess chronic disease burden; higher scores are indicative of an increased burden of chronic disease. The proportion of patients experiencing MS-related symptoms in the 1 year prior to the index date was estimated. The selection of MS-related symptoms was based on a published study \[[@CR21]\]; selected symptoms were critically reviewed and ratified by the research investigators.

Healthcare resource utilization was defined as the proportion of patients with MS who were hospitalized or had emergency room (ER) or urgent care (UC) visits during the 1 year prior to and 1 year following the index date. Total healthcare costs and costs by settings (i.e. inpatient, outpatient \[including occupational therapy, physical therapy, and durable medical equipment\], ER/UC, and pharmacy costs) were calculated. Medical costs excluded the cost of prescriptions. All costs were adjusted to 2014 US dollar (US\$) values based on the Consumer Price Index Medical Component \[[@CR22]\]. DMT costs were also assessed and comprised plan and patient payments for filled prescriptions. Included patients had only pharmacy claims for an eligible DMT; patients with both medical and pharmacy claims for an eligible DMT were excluded from the analysis to reduce the risk of double-counting DMT costs and because medical DMT claims do not include information on days of supply, compliance, or duration of DMT use.

ARR was defined as the number of relapse episodes that a patient had during either the year before or the year after the index date. A published claims-based algorithm was used to identify relapse episodes \[[@CR23], [@CR24]\]. A moderate-to-severe relapse was defined as hospitalization with a primary diagnosis suggesting MS, or an outpatient visit with at least one associated diagnosis suggesting MS together with evidence of receiving high-dose oral corticosteroid (≥500 mg/day prednisolone or equivalent), intravenous corticosteroid, corticotropin (i.e. adrenocorticotropic hormone), or plasma exchange within 30 days of the outpatient visit. All qualifying hospitalizations or outpatient visits that occurred during a single 30-day period were considered as one relapse episode to account for the potential for multiple clinical encounters within a single relapse episode. For multiple qualifying hospitalizations and outpatient visits, provided that each successive visit occurred within 30 days of the previous visit, events were amalgamated into one relapse episode. For example, three hospitalizations or outpatient visits, each 25 days apart, would be considered as a single relapse episode.

Statistical Analysis {#Sec6}
--------------------

Analysis of variance (continuous variables and counts) and Chi square tests (categorical variables) were used to detect significant differences across cohorts. Paired *t* tests (costs) and the McNemar test (any hospitalization or UC visit) were used to detect significant changes over time in ARR, healthcare resource utilization, and costs for each cohort during the 1 year prior to and 1 year following the index date.

Poisson regression was used to compare the ARRs during the year after DMT initiation between DMT cohorts. Confounders included in the models comprised age (18--30, 31--40, 41--50, and 51--64 years), sex, region of residence, number of relapses during the year before the index date (0, 1, 2, and ≥3), CCI score, and the presence of individual MS-related symptoms (Table [1](#Tab1){ref-type="table"}). As the largest cohort included in the study, the DMF cohort was assigned as the reference group. The adjusted incidence rate ratio (IRR) for relapse relative to the DMF cohort is presented with the associated 95% confidence interval (CI). For example, an IRR of 1.10 indicates that the ARR in the year after DMT initiation is 10% higher in the DMT cohort assessed relative to the DMF cohort.Table 1Baseline demographic and clinical characteristicsDMTDimethyl fumarate \[*n* = 1447\]Interferon-β \[*n* = 969\]Glatiramer acetate \[*n* = 1254\]Teriflunomide \[*n* = 225\]Fingolimod \[*n* = 299\]Age, years \[mean (SD)\]45.4 (9.9)43.9 (10.8)^a^43.5 (10.5)^a^48.7 (9.6)^a^43.9 (9.9)^b^Female patients, % patients76.576.878.782.276.9Region Northeast25.220.725.319.621.4 Midwest24.327.320.728.928.8 South31.636.134.634.735.1 West17.815.018.315.113.7 Unknown1.10.81.01.81.0Health plan type, % patients HMO11.113.110.210.210.0 POS7.16.76.04.46.4 PPO58.857.962.664.957.9 CHDP12.211.210.411.614.4 Other10.911.010.88.911.4CCI score Mean (SD)0.63 (1.19)0.69 (1.26)0.78 (1.34)^a^0.85 (1.45)^b^0.48 (1.05)^b^ 0, % patients70.069.2^a^65.6^b^61.3^b^76.9 1, % patients10.77.410.615.69.7 2, % patients12.015.714.312.07.0 ≥3, % patients7.37.69.611.16.4Any relapse in 1 year prior to index date, % patients31.728.626.628.932.1MS-related symptoms, % patients Other causes of myelitis2.03.14.1^a^0.41.3 Unspecified CNS demyelinating disease12.619.8^a^24.8^a^13.39.0 Disorders of optic nerves and visual pathways11.312.913.69.310.4 Neurogenic bladder NOS5.92.7^a^2.6^a^7.13.7 Other soft tissue disorders2.53.43.32.21.3 Dizziness or giddiness10.414.7^a^16.2^a^8.96.7^b^ Fatigue or malaise27.924.928.129.825.8*CCI* Charlson Comorbidity Index, *CHDP* Child Health and Disability Prevention, *CNS* central nervous system, *DMT* disease-modifying therapy, *HMO* Health Maintenance Organization, *MS* multiple sclerosis, *NOS* not otherwise specified, *POS* point-of-service, *PPO* preferred provider organization, *SD* standard deviation^a^Pairwise comparison versus dimethyl fumarate significantly different at *p* \< 0.01^b^Pairwise comparison versus dimethyl fumarate significantly different at *p* \< 0.05

A generalized linear model (GLM) with a log link and a gamma distribution was used to compare cost data; ARR data were compared using a GLM with a log link and a Poisson distribution. Difference-in-difference (DiD) regression analysis was used to compare changes in ARRs and total non-prescription medical costs during the 1 year prior to and 1 year following the index date between cohorts, and was adjusted for age, sex, region of residence, CCI (categorized as 0, 1, 2, and ≥3), and MS-related symptoms (DiD model parameters included in the Online Resources). DiD regression is a statistical technique developed to control for unobserved or undefined confounders in observational data \[[@CR25]\]. It provides advantages over alternative methods for controlling for baseline data values because it can control for unobserved heterogeneity in the dataset over the study period \[[@CR25]\]. In our regression analysis, we cannot adjust for confounders that cannot be captured, or are inadequately captured, in claims data (e.g. duration of MS, severity of MS). Using DiD analysis therefore enables us to control for unmeasured baseline differences between DMT cohorts. DiD was used for the primary analysis of the ARRs and total non-prescription medical cost data. Details of the regression models are included in the accompanying Online Resources.

Results {#Sec7}
=======

Data from 4194 patients were included in the analysis. Demographic and clinical baseline characteristics for all included patients are shown in Table [1](#Tab1){ref-type="table"}. Of the included patients, 34.5% had received DMF, 23.1% had received IFNβ, 29.9% had received GA, 5.4% had received teriflunomide, and 7.1% had received fingolimod. Mean (standard deviation) age ranged from 43.5 (10.5) years for GA to 48.7 (9.6) years for teriflunomide (Table [1](#Tab1){ref-type="table"}), and differed significantly across the cohorts (*p* \< 0.05). The proportion of female patients ranged from 76.5% (DMF) to 82.2% (teriflunomide); the proportion of female patients in the DMF cohort did not differ significantly from the other DMT cohorts. Patient geographical distribution was generally consistent across DMT cohorts. The presence of MS-related symptoms differed across cohorts, with significant differences observed between the DMF cohort and the other DMT cohorts (Table [1](#Tab1){ref-type="table"}). Compared with the DMF cohort, mean CCI score was significantly lower in the fingolimod cohort (*p* \< 0.05) and significantly greater in the GA and teriflunomide cohorts (*p* \< 0.05).

Healthcare Resource Utilization {#Sec8}
-------------------------------

The proportion of patients who were hospitalized was significantly lower in the year after DMT initiation than in the year before initiation for all DMT cohorts (Table [2](#Tab2){ref-type="table"}; *p* \< 0.001 for all comparisons). Reductions in the proportion of patients who were hospitalized ranged from 3.1% for teriflunomide to 10.1% for IFNβ. The proportion of patients requiring an ER/UC visit was significantly lower in the post-index period for all cohorts (Table [2](#Tab2){ref-type="table"}; *p* \< 0.05 for fingolimod, and *p* \< 0.0001 for all other DMT comparisons). Reductions in the proportion of patients with an ER/UC visit ranged from 0.7% for fingolimod to 12.6% for GA.Table 2Percentage of patients with hospitalizations or emergency room/urgent care visits 1 year before and 1 year after the index date for patients with MS and no DMT exposure during the year before the index dateDMTDimethyl fumarate \[*n* = 1447\]Interferon-β \[*n* = 969\]Glatiramer acetate \[*n* = 1254\]Teriflunomide \[*n* = 225\]Fingolimod \[*n* = 299\]Hospitalization, % patients 1 year before index date14.117.117.313.813.4 1 year after index date7.07.07.610.75.7 *p* value (pre--post comparison)\< 0.0001\< 0.0001\< 0.0001\< 0.00010.0005Emergency room/urgent care visits, % patients 1 year before index date30.730.735.230.225.1 1 year after index date25.121.822.623.624.4 *p* value (pre--post comparison)\< 0.0001\< 0.0001\< 0.0001\< 0.00010.0169*DMT* disease-modifying therapy, *MS* multiple sclerosis

Costs {#Sec9}
-----

Table [3](#Tab3){ref-type="table"} provides cost data for all patient cohorts during the 1 year prior to and 1 year following the index date. Overall healthcare costs increased for all cohorts in the 1-year post-index period. Increases were lowest for the DMF cohort (US\$40,920) and highest for the fingolimod cohort (US\$53,089). DMT costs were the largest driver of post-index period costs, ranging from US\$42,652 for teriflunomide to US\$57,581 for fingolimod.Table 3Mean costs in US\$ for total non-prescription medical, drug, and total healthcare 1 year prior to and 1 year following the index date for patients with MS and no DMT exposure in the year prior to the index dateDMTDimethyl fumarate \[*n* = 1447\]Interferon-β \[*n* = 969\]Glatiramer acetate \[*n* = 1254\]Teriflunomide \[*n* = 225\]Fingolimod \[*n* = 299\]Pre-indexPost-indexPre-indexPost-indexPre-indexPost-indexPre-indexPost-indexPre-indexPost-indexTotal non-prescription medical costs16,85311,09313,66911,08714,62312,40514,99213,55517,50812,593∆ −5761^a^∆ −2582^a^∆ −2219^a^∆ −1437∆ −4915^a^ Inpatient stays3217213532172378349333803667335145263816∆ −1082∆ −839∆ −113∆ −316∆ −710 ER visits101072610895901054576807631626678∆ −284∆ −499∆ −478∆ −176∆ +51 Outpatient services12,62682329364811910,076844810,518957312,3558099∆ −4395∆ −1244∆ −1628∆ −945∆ −4256Drug costs DMT046,252047,889047,633042,652057,581∆ +46,252∆ +47,889∆ +47,633∆ +42,652∆ +57,581 Non-DMT3959438627383740269835935803676342494672∆ +428∆ +1002∆ +895∆ +960∆ +423Total healthcare costs20,81261,73116,40762,71617,32163,63020,79562,97021,75674,846∆ +40,920∆ +46,310∆ +46,309∆ +42,175∆ +53,089*DMT* disease-modifying therapy, *ER* emergency room, *MS* multiple sclerosis^a^Significant difference in cost between pre-index period and post-index period (*p* \< 0.05)

Unadjusted non-prescription medical costs were significantly lower in the post-index period than the pre-index period for the DMF cohort (*p* \< 0.0001), the IFNβ cohort (*p* \< 0.01), and the GA and fingolimod cohorts (both comparisons *p* \< 0.05) (Fig. [2](#Fig2){ref-type="fig"}; Table [3](#Tab3){ref-type="table"}); the US\$1437 cost reduction for teriflunomide in the post-index period was not statistically significant (*p* = 0.385). The largest decrease in non-prescription medical costs was observed in the DMF cohort (−US\$5761, *p* \< 0.0001).Fig. 2Differences in non-prescription medical costs^1^ for 1 year before and 1 year after the index date for patients with multiple sclerosis and no DMT exposure during the year before the index date. ^1^Difference-in-difference analysis adjusted for confounders indicated that reduction of total non-prescription medical costs in the 1 year following DMT initiation versus the prior year were statistically significantly greater in the dimethyl fumarate cohort versus the interferon-β (*p* = 0.0012), glatiramer acetate (*p* = 0.0003), and teriflunomide (*p* = 0.005) cohorts. No significant differences in reduction in total non-prescription medical costs were observed between the dimethyl fumarate and fingolimod cohorts (*p* = 0.7553). *DMT* disease-modifying therapy

DiD analysis on unadjusted non-prescription medical cost reductions demonstrated that DMF provided a significantly greater cost reduction than IFNβ (*p* \< 0.01), GA (*p* \< 0.0001), and teriflunomide (*p* \< 0.01). After adjusting for confounders, DiD analysis indicated that DMF provided a significantly greater reduction in medical costs than IFNβ and teriflunomide (both comparisons *p* \< 0.01) and GA (*p* \< 0.001). No significant difference in the reduction of total non-prescription medical costs was observed between the DMF and fingolimod cohorts (*p* = 0.7553).

Medical cost reductions (excluding prescription medicine costs) in the post-index period were driven largely by cost reductions for outpatient services and hospitalizations (Table [3](#Tab3){ref-type="table"}). Mean cost reductions for outpatient services and hospitalizations were greatest for the DMF cohort (−US\$4395 and −US\$1082, respectively).

Annualized Relapse Rates {#Sec10}
------------------------

Unadjusted ARRs for the year prior to the index date ranged from 0.31 for GA to 0.43 for DMF (Fig. [3](#Fig3){ref-type="fig"}). The ARR in the year before initiation was significantly greater in the DMF cohort than in the GA and IFNβ cohorts (*p* \< 0.001 and *p* \< 0.05, respectively). Significant reductions in unadjusted ARR were observed in the DMF (0.14 reduction, *p* \< 0.0001) and fingolimod (0.11 reduction, *p* \< 0.05) cohorts in the year after initiating therapy. ARR reductions in the post-index period for patients in the IFNβ, GA, and teriflunomide cohorts were not statistically significant (*p* = 0.5940, *p* = 0.3748, and *p* = 0.7822, respectively).Fig. 3Annualized relapse rates for 1 year before and 1 year after the index date for patients with multiple sclerosis and no disease-modifying therapy exposure during the year before the index date

DiD analysis on unadjusted ARRs demonstrated that change of ARR in the 1 year following initiation of treatment with DMTs versus the prior year were statistically significantly greater in the DMF cohort versus the IFNβ (*p* \< 0.001), GA (*p* \< 0.0001), and teriflunomide (*p* \< 0.05) cohorts. There was no significant difference in the reduction of ARR between the DMF and fingolimod cohorts (*p* = 0.5474). DiD analysis results were similar when adjusted for confounders.

ARRs in the first year after initiating therapy were adjusted for differences in baseline patient demographics and clinical characteristics using Poisson regression, and compared for each therapy relative to the DMF cohort (Online Resource Table S1). Adjusted IRRs compared with DMF were 1.23 (1.06--1.43) for IFNβ, 1.27 (1.10--1.46) for GA, 1.28 (1.00--1.63) for teriflunomide, and 1.07 (0.85--1.35) for fingolimod. Adjusted IRRs were significantly higher in the IFNβ, GA, and teriflunomide cohorts than the DMF cohort (*p* \< 0.05 for all comparisons). Patient age (*p* \< 0.05), number of relapses in the year before DMT initiation (*p* \< 0.0001), and the presence of fatigue or malaise (*p* \< 0.05) were significant predictors for ARR after DMT initiation.

Discussion {#Sec11}
==========

In this retrospective study of real-world healthcare resource utilization and cost data for oral and injectable DMTs for the management of MS, DMT initiation was associated with reductions in disease relapses, hospitalizations, ER/UC visits, and non-prescription medical costs. Non-prescription medical costs in the post-index period were significantly lower for the DMF, IFNβ, GA, and fingolimod cohorts, with the greatest cost reductions observed in the DMF and fingolimod cohorts. Cost reductions were largely driven by reductions in the use of outpatient services and inpatient hospital visits. Consistent with these cost reductions, ARR reductions during the post-index period were significantly greater in the DMF and fingolimod cohorts than the IFNβ, GA, and teriflunomide cohorts. Hospitalizations and ER/UC visits were lower in the post-index period for all DMT cohorts. Together, these findings indicate that DMT initiation in patients without DMT exposure in the previous year is associated with reductions in non-prescription medical costs, resource utilization, and relapse rates.

The reductions in healthcare resource utilization after DMT initiation observed in this study are consistent with previous analyses of real-world data reporting reductions in inpatient stays and ER visits for patients initiating treatment with a DMT, and for patients with lower disease activity or fewer relapses \[[@CR26], [@CR27]\]. In a cohort of patients initiating natalizumab therapy, significant reductions in MS-related inpatient stays (7.6 vs. 2.4%, *p* \< 0.001) and length of hospital stay (7.12 vs. 6.26 days, *p* = 0.005) were observed in the post-index period compared with the pre-index period \[[@CR18]\]. Similarly, an analysis of patients with MS and high relapse activity (≥2 relapses in the 1-year assessment period) demonstrated increased all-cause ER visits and hospitalizations compared with patients with lower disease activity \[[@CR26]\]. Moreover, a review of the impact of DMT adherence reported that increased adherence is associated not only with a lower risk of relapse (odds ratio \[OR\] 0.71, 95% CI 0.59--0.85) but also a reduction in MS-related hospitalization (OR 0.63, 95% CI 0.47--0.83) and ER visits (OR 0.80, 95% CI 0.60--1.07) \[[@CR27]\].

Understanding the drivers of changes in healthcare resource utilization, medical costs, and ARRs is important to enable clinicians and healthcare providers to optimize use of limited healthcare resources while maximizing patient benefit. In the present study, ARR was significantly lower in the year after DMT initiation for the DMF and fingolimod cohorts, consistent with previous studies of DMT effectiveness in routine clinical practice \[[@CR16], [@CR17]\], and a cost-effectiveness simulation in a French healthcare setting \[[@CR28]\]. Reductions in both ARRs and healthcare resource utilization and costs in the DMF and fingolimod cohorts suggest an association between lower ARR and reduced healthcare resource utilization and costs, a finding consistent with previous real-world studies \[[@CR19], [@CR26], [@CR27]\]. However, interpretation of these results should take into account the potential confounding effect of determinants of pre-index ARR, such as level of disability, MS phenotype, and time since first MS diagnosis, as these data were not available in the US claims data source. Nevertheless, previous studies have demonstrated an association between reduced relapse rates and reduced medical costs \[[@CR18], [@CR19]\]. For example, an analysis of the budget impact of DMF for the management of RRMS in Canada demonstrated a cost reduction of Can\$192 per patient per year due to lower relapse rates, which partially offset drug acquisition costs \[[@CR19]\]. Similarly, in an analysis of 1458 patients with MS who initiated natalizumab therapy, mean costs associated with inpatient stays were lower in the post-index period compared with the pre-index period (US\$9784 vs. US\$12,078) \[[@CR18]\].

Overall healthcare costs after DMT initiation did increase in the cohorts studied, with DMT drug costs the largest component of post-index period costs. However, the higher overall healthcare costs after DMT initiation were associated with improved patient outcomes, specifically reductions in relapse rates. This is consistent with an analysis of 544 patients with RRMS in Italy who initiated a DMT, in which higher overall healthcare costs were associated with a reduction in EDSS progression; the authors hypothesized that this would lead to a reduction in non-medical direct and indirect costs \[[@CR29]\]. DMT costs in our analysis were lower than the anticipated annual DMT costs, which are typically in the range of US\$55,000--65,000 before manufacturer rebates and contracting discounts \[[@CR30]\]. Costs in our study are likely to be lower as patients did not have full adherence to treatment, meaning that some prescriptions may not have been filled throughout the 1-year follow-up period. Our sample also included patients who stopped using the index DMT during the follow-up period, thereby reducing medication costs. Our data therefore show the real-world cost of DMTs to insurance plans and patients when these therapies are used in routine practice.

Although cost reductions in the post-index period were not as pronounced in the IFNβ, GA, and teriflunomide cohorts compared with the DMF and fingolimod cohorts, the magnitude of cost reduction in each DMT cohort was consistent with the observed ARR reduction over the same period. However, reductions in hospitalizations, ER/UC visits, and medical costs were observed for the IFNβ, GA, and teriflunomide cohorts despite non-significant ARR changes in the year after DMT initiation, indicating that factors other than ARR reduction may influence resource utilization and costs. This is not unexpected, given the potential for ongoing symptoms associated with MS that may not be classified as explicitly relating to a relapse event but that nevertheless impact on patient daily living, particularly with more progressive disease. Future studies are therefore needed to further explore the interrelationship between healthcare resource utilization, costs, and clinical outcomes for patients with MS.

Understanding the potential clinical and resource utilization impact of initiating a new DMT is increasingly important when healthcare professionals are discussing treatment options with patients. The present findings provide further evidence of the differential impact of different DMTs on outcomes and healthcare resource use, and provide clinicians and patients with additional information on non-clinical outcomes, which may impact treatment choice. Moreover, in an era of patient-centered healthcare, understanding the impact of different DMTs on the potential for hospitalization and ER and UC visits enables clinicians and other healthcare professionals to have informed discussions with patients about treatment options for MS, particularly around the potential impact on daily activities and hospital attendance.

Limitations {#Sec12}
-----------

The study is subject to a number of the limitations associated with retrospective studies utilizing administrative claims data. Due to data limitations, some clinical features (e.g. EDSS score) were not included in the analysis as these data are not included in the US claims database interrogated here. However, this is partially addressed by the fact that DiD analysis provides estimates that mitigate the impact of confounding factors that did not change over time (e.g. patient history). Our findings indicate that there may be an effect of pretreatment relapse rate on the on-treatment relapse rate. The findings should therefore be considered in terms of disease parameters that are not available in claims data, such as level of disability, MS phenotype, and time since first MS diagnosis. Other limitations include the inclusion of only DMT initiators who were untreated for at least 1 year. Although the patients included in the analysis had no exposure to DMT in the year before initiation, we were not able to confirm whether they were treatment-naive beyond this period due to data limitations. In addition, the findings from this analysis may not be generalized to patient populations in other healthcare systems, and patients may have transitioned into Medicare coverage during the 1-year follow-up period.

DiD regression relies on an assumption of parallel trends, i.e. that the underlying change in the outcome measured, but not the change due to treatment, is consistent across groups over time. For relapse rates, the analysis assumes similar underlying disease progression, i.e. progression of increasing relapse rates, between groups. As the dataset does not include information on patient disability and EDSS, we were not able to confirm that this assumption is valid.

In this study, we used Poisson regression to control for differences between patient cohorts in age, sex, region of residence, number of relapses during the year before the index date, CCI score, and the presence of individual MS-related symptoms. While propensity score matching provides an alternative approach for controlling for differences in patient characteristics, we opted to use regression analysis to maintain statistical precision by allowing the use of all patient information, rather than discarding information for unmatched patients \[[@CR31], [@CR32]\]. However, further studies are needed to confirm whether the clinical and demographic variables not captured in claims data influence healthcare resource utilization, costs, and relapse rates in patients with MS receiving a DMT.

Patient prior treatment and clinical characteristics in retrospective claims database analyses also have the potential to introduce selection bias. Our study included patients without DMT exposure in the previous year, potentially preferentially selecting patients with less severe disease who may be less likely to receive treatment with fingolimod, which is often given as second-line therapy and/or to patients with greater disease severity. However, in our dataset, fingolimod appears to be prescribed to similar patients as the other DMTs investigated. In the pre-index period, ARRs and the percentage of patients experiencing a relapse were similar for the fingolimod and DMF cohorts, and pre-index hospitalization and ER/UC costs were lower in the fingolimod cohort than the DMF cohort. However, claims data do not include information on patient clinical and disease characteristics, or EDSS score, and the current findings should be interpreted within this context.

Finally, in the absence of clinical evidence of MS relapse from the claims data, we used an algorithm to estimate relapse rates. Relapse episodes were identified based on an algorithm derived from the ICD-9-CM diagnosis code and details of medications dispensed and subsequently validated against medical charts and clinician input \[[@CR23], [@CR24]\]. This algorithm has been used in previous studies to determine relapse rates in patients with RRMS based on claims data and allows the identification of moderate-to-severe relapses that result in a clinical encounter; patients with mild relapses may not present clinically and, therefore, rates of mild relapse may be underestimated. Algorithm validation by Chastek and colleagues provided classification of 67.3% of patients with relapses (positive predictive value) and 70.0% of patients without relapses (negative predictive value) in a sample of 300 patients \[[@CR24]\]. While this approach may underestimate the overall relapse incidence, this effect is anticipated to be uniform across all comparisons, and ARRs reported in the present study are consistent with those reported from clinical trials and in other studies \[[@CR13], [@CR33]--[@CR35]\].

Conclusions {#Sec13}
===========

Results from this comparative analysis of real-world healthcare resource utilization, costs, and relapse rates for the new oral DMTs are consistent with previous studies and highlight the positive impact of DMT initiation on healthcare system resource use from a hospital and clinic capacity perspective.

Although reduced healthcare resource utilization associated with improved patient outcomes has the potential to partially offset costs associated with DMT therapy for the management of MS, real-world data on comparative resource utilization and costs in routine clinical practice are limited. This large, retrospective US claims data analysis demonstrates that costs associated with DMT are partially offset by reductions in non-prescription medical costs and healthcare resource utilization in the post-initiation period. Of the DMTs assessed, DMF provided the greatest reduction in non-prescription medical costs. Non-prescription medical cost reductions were predominantly driven by decreased use of outpatient services and by a reduction in inpatient hospital stays. Further research is required to determine the long-term impact of DMT initiation on resource utilization and costs in routine clinical practice.
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